The precise regulatory mechanisms of cyclic oviductal contraction in the cow are unclear. The purpose of this study was to evaluate the effect of luteinizing hormone (LH), steroids, prostaglandins (PGs) and peptides on the oviductal contraction and secretion of PGs and endothelin (ET-1). In addition, the cyclic expression of mRNA for ET-1 and its receptors (ET-R) was evaluated by reverse transcription-polymerase chain reaction (RT-PCR). In the in vitro microdialysis study, an infusion of LH alone or in combination with progesterone (P 4 ), estradiol-17 (E 2 ) and/or ET-1 stimulated pronounced release of PGE 2 , PGF 2 and ET-1 in the oviducts from cows in the follicular and postovulatory phases. The addition of LH, LH+P 4 +E 2 and/or ET-1 to the medium increased the amplitude of oviductal contraction. However, oxytocin (OT) completely blocked the responses of oviductal secretion and contraction. In contrast, these substances did not show any effect in the oviducts from cows in the mid luteal phase. Similar expression patterns of mRNA encoding for ET-R type A and type B were found, which were highest during the postovulatory phase, lower during the luteal phase, with the lowest expression during the follicular phase. We suggest that the preovulatory LH surge, together with increasing E 2 levels from the Graafian follicle and a basal P 4 from regressing corpora lutea (CL), stimulates maximum oviductal production of PG and ET-1, resulting in oviductal contraction for a rapid transport of gametes. OT released from the newly-formed CL may block these mechanisms, and slow contractions for transport of the embryo to the uterus.
Introduction
The oviduct plays a central role in the events of fertilisation and early embryonic development by providing an environment that facilitates sperm transport and capacitation, and oocyte transport and maturation. The simultaneous opposite movements of gametes to the fertilization site and the subsequent passage of the embryo into the uterus at the precise developmental stage are essential for successful pregnancy. Different contractile patterns of the oviduct occur during the periovulatory period for the movement of the zygote, which are strictly regulated by endocrine and paracrine/autocrine factors.
Studies on spontaneous oviduct contraction in the cow revealed low amplitude and frequency motility patterns during the luteal phase (Bennett et al. 1988) , which gradually increased with the drop in serum progesterone (P 4 ) prior to estrus (Ruckebusch & Bayard 1975) . Both amplitude and frequency reach a maximum during estrus, but rapidly diminish over the next 3 days (Ruckebusch & Bayard 1975 , Bennett et al. 1988 ). The acute withdrawal of endogenous estradiol-17 (E 2 ) has been shown to be a potent stimulus to rabbit oviductal smooth muscle and contributes to an increase in muscular activity at ovulation (Halbert & Conrad 1975) . During the retention of ova in porcine oviducts, the active preovulatory contractions disappeared, and ovum transport was arrested at the ampullar-isthmic junction (Rodriguez-Martinez et al. 1982b) . In addition, an isthmic sphinctering effect controlling ovum transport through the oviduct has been reported (Lindblom et al. 1979) . The motility pattern of sow oviduct during estrus was mostly antiperistaltic, presumably related to sperm transport. However, during the periovulatory period the number of peristaltic and antiperistaltic waves became equal, perhaps in relation to the transport of gametes to the fertilization site (Rodriguez-Martinez et al. 1982a ). These observations provide evidence that patterns of oviduct contraction during the periovulatory period are temporally and strictly controlled by local mechanisms that are responsive to the needs of the zygote.
The mechanisms involved in the regulation of contractions to facilitate gamete and embryo transport in the bovine oviduct are still unclear. The purpose of this study was, therefore, to examine the in vitro effect of luteinizing hormone (LH), oxytocin (OT) and ovarian steroids on oviduct contractions, as well as the secretion of prostaglandins (PG) and endothelin-1 (ET-1) by bovine oviduct epithelial cells. To investigate the secretions of the oviducts in vitro, we utilized a microdialysis system implanted in the lumen of oviducts that were maintained in organ culture chambers. In addition, the expression of mRNA for ET-1 and ET-1 receptors (ET-R) was evaluated in oviducts recovered during the follicular, postovulatory and luteal phases.
Materials and Methods
Source of the hormones P 4 , E 2 , PGE 2 and PGF 2 were obtained from Sigma Chemical Co. (St Louis, MO, USA). OT and ET-1 were obtained from Peptide Institute Inc. (Osaka, Japan). LH (USDA-bLH-B-6) was a gift from the USDA Animal Hormone program (Baltimore, MD, USA).
Animals and sample collection
Reproductive tracts were collected from non-pregnant Holstein cows at a local slaughterhouse. The phase of the estrous cycle was determined according to the criteria of Ireland et al. (1980) by visual observation of the ovarian structures and the uterine mucous characteristics. The oviducts were classified as either follicular phase (days 18-20) , postovulatory phase with a 3-5 mm diameter of point of rupture not covered by epithelium (days 1-2), or luteal phase (days 11-17). They were separated from the utero-tubal junction and surrounding connective tissues and trimmed. Oviducts for microdialysis experiments were transported to the laboratory in Medium 199 (M199; 25 mmol/l Hepes, 0·85 g/l NaHCO 3 , 60 mg/l penicillin, 100 mg/l streptomycin, 56 mg/l ascorbic acid and 2 mg/l amphotericin B; Sigma Chemical Co.), which was maintained at 38 C. Oviducts for the contraction experiments were transported in ice-cold Locke Ringer's solution (154 mmol/l NaCl, 5·6 mmol/l KCl 2 , 2·4 mmol/l CaCl 2 , 6·0 mmol/l NaHCO 3 and 5·6 mmol/l dextrose, pH 7·4).
For RNA extraction, the oviducts were frozen immediately in liquid nitrogen, transported to the laboratory and stored at 80 C. The ampullary and isthmic regions of oviducts, both ipsilateral and contralateral to the functioning corpora lutea (CL) or developing follicle and ovulation site, were used in this study.
Estimation of the doses of the substances administered in microdialysis and contraction experiments
The concentrations of different substances used in this study were chosen based on measured concentrations in the bovine oviduct during the normal estrous cycle (Wijayagunawardane et al. 1996 . Diffusion through the microdialysis capillary membrane was estimated as 1% for steroids and PG, and 0·1% for peptides (Miyamoto & Schams 1991 , Miyamoto et al. 1997 . Thus, the doses of steroid and PG were prepared so as to be 100 times greater than the concentrations estimated at the site of action, and the peptides doses were prepared so as to be 1000 times greater.
In vitro microdialysis system of bovine oviduct
The in vitro microdialysis system of the oviduct was adapted from the method described for the bovine CL (Miyamoto & Schams 1991) . Briefly, the lumen of each 10 cm long oviductal segment was implanted with a 7 cm long and 0·2 mm diameter dialysis capillary membrane (Fresenius SPS 600 Hollow fiber, Fresenius AG, St Wendel, Germany: cut off 40 kDa) with each end glued to 5 cm long and 0·3 mm diameter silastic tubing. Both ends of the oviduct were then fixed to the silastic tubing by Histoacryl Blau (B Braun Melsungen AG, Melsungen, Germany) and incubated in M199 with 0·5% BSA (Sigma Chemical Co.) in simple organ culture chambers (modified 50 ml Falcon tubes; Becton Dickinson & Co, Lincoln Park, NJ, USA). In preliminary experiments, differences in response associated with side of ovulation or region of the oviduct were not observed. Therefore, each oviduct was divided into two segments, four oviductal segments from each cow were maintained in one organ culture chamber, and each segment was assigned randomly to different treatments as described below. Medium was continuously exchanged at a flow rate of 50 ml/h during the whole period of incubation at 38 C. Both ends of the silastic tubing were connected to Teflon tubing and Ringer's solution was continuously perfused (1·3 ml/h) from one end using a peristaltic pump, while the other end was connected to a fraction collector. After a 2-h pre-incubation, the perfusate was collected in 4-h fractions for 16 h. The volume of a fraction was approximately 5·2 ml. Control (Ringer's solution only) and LH (1 µg/ml), P 4 (3·2 µmol/l), E 2 (370 nmol/l), OT (100 nmol/l), ET-1 (100 nmol/l), PGE 2 (1 µmol/l) or PGF 2 (100 nmol/l) in Ringer's solution were infused for 4 h between 4 and 8 h of incubation. The same concentrations were also used in the consecutive microdialysis experiments; mixtures of treatment substances (controlRinger's solution only, P 4 +E 2 , LH+E 2 , LH+ET-1, LH+E 2 +P 4 , LH+ET-1+P 4 , LH+E 2 +ET-1+P 4 , OT+ LH, OT+LH+E 2 , OT+E 2 +P 4 , OT+E 2 +ET-1 or OT+ LH+ET-1+E 2 ) in Ringer's solution were infused for 4 h between 4 and 8 h of incubation. The 4-h fractions of perfusate were stored at 20 C until extraction for PG and peptides. After the experiment, the microdialysis capillary membranes implanted in the oviduct lumens were confirmed to be in tight contact with the surface of the epithelial cells (Fig. 1) .
Hormone extraction
The fractions collected were warmed to room temperature, adjusted to pH 3·5 with 1 mol/l HCl and placed at room temperature for 1 h. PG and ET-1 extractions from microdialysis samples were performed as described earlier . As a result of the extractions, PG and ET-1 were concentrated 12-and 52-fold respectively. Samples were dissolved in assay buffers for enzyme immunoassays (EIAs) for PG (40 mmol/l PBS, 0·1% BSA, pH 7·2) and for peptide (42 mmol/l Na 2 HPO 4 , 8 mmol/l KH 2 PO 4 , 20 mmol/l NaCl, 4·8 mmol/l EDTA, 0·05% BSA, pH 7·5). The recovery rates, estimated by adding 3 different concentrations of PGE 2 (1, 0·5, 0·1 ng/ml), PGF 2 (1, 0·5, 0·1 ng/ml) and ET-1 (10, 5, 1 pg/ml) to the Ringer's solution were 78% for PGE 2 , 75% for PGF 2 and 63% for ET-1. The results presented are corrected for the differences in the recoveries of PG and ET-1.
Measurements of PG and ET-1
Concentrations of PGE 2 , PGF 2 and ET-1 in Ringer's extracts were measured using second antibody EIAs. The EIA for PGE 2 determination was performed as described previously . The method of EIA for PGF 2 is described elsewhere (Miyamoto et al. 1995) . The ET-1 assay was performed as described earlier (Miyamoto et al. 1997) . Within-assay and between-assay coefficients of variance were 7·3% and 11·4% for PGE 2 , 8·2% and 11·8% for PGF 2 and 9·6% and 13·2% for ET-1. The ED 50 s for the PGE 2 , PGF 2 and ET-1 assays were 740 pmol/l, 1000 pmol/l and 180 pmol/l respectively, and the ranges of the standard curves for these assays were 85-40 000 pmol/l, 20-20 000 pmol/l and 4-4000 pmol/l respectively.
Measurement of oviduct contraction
One end of each of the 10 mm long oviduct segments was horizontally fixed through the lumen to a plastic holder, and the free end was attached to the arm of a force displacement transducer (TB-625T; Nihon Koden, Tokyo, Japan) with a stainless steel hook and a silk ligature. A basal loading tension of 1 gf was maintained throughout the experiment. The preparation was soaked in Locke Ringer's solution in double-jacketed organ culture chambers (Iwaki Glass Co, Chiba, Japan) and maintained at 36 0·5 C. The temperature of the solution in the organ bath was held constant with an external water jacket and a thermoregulatory device (Thermominder Mini-80; Taiyo, Tokyo, Japan), and monitored with a thermistor (Model MAG-II; Shibaura Electric Co, Tokyo, Japan). The solution was bubbled with a mixture of 95% O 2 and 5% CO 2 and exchanged at a rate of 60 ml/h using a peristaltic pump. The signals were amplified by an isometric amplifier (RAT-1200 M; Nihon Koden), digitized with an analog-to-digital converter (MacLab/4S; AD Instruments Pty Ltd, Castle Hill, Australia) and stored on a hard disk of a personal computer (Macintosh Power book 190cs; Apple Computer Inc., Cupertino, CA, USA).
The preparation was equilibrated in a bathing solution for 2 h and then data were recorded for 7 h. After the start of the 7-h experimental period, different hormones were added to the Locke Ringer's solution. The hormones were LH (100 ng/ml), ET-1 (10 nmol/l), OT (10 nmol/l), PGE 2 (100 nmol/l), PGF 2 (10 nmol/l), P 4 (32 nmol/l) and E 2 (37 nmol/l). Because the actions of different hormones on the oviduct contraction were not influenced by side of ovulation or region of the oviduct, the oviduct segments obtained from one cow were randomly allocated for different combinations of treatments (LH+ET-1, LH+OT, LH+ET-1+E 2 +P 4 , or LH+ET-1+E 2 +P 4 +OT).
RNA extraction
Total RNA was extracted from the oviduct (2 cm of the whole isthmus) following the protocol of Chomczynski & Sacchi (1987) using Trizol reagent (Gibco BRL, Gaithersburg, MD, USA). RNA concentration of each sample was determined by UV-spectroscopy (OD 260 nm). Integrity of total RNA was controlled by agarose/formaldehyde gel electrophoresis followed by ethidium bromide staining.
Reverse transcription-polymerase chain reaction (RT-PCR)
Four micrograms total RNA were subjected to firststrand cDNA synthesis using 2·5 µM random hexamers (Pharmacia, Freiburg, Germany) and the Superscript II reverse transcriptase (Gibco BRL) in a final volume of 60 µl as previously described (Gabler et al. 1998) . The following commercially synthesized primers (Gibco BRL) were used to amplify specific bovine transcripts: ET-1 (333 bp) forward: 5 TCC CCA GAA TGG ATT ATT TCC 3 , reverse: 5 TCT TCC TGT GGA CTG TCG C 3 ; ET-R type A (329 bp) forward: 5 TGC AGA AGT CCT CAG TGG G 3 , reverse: 5 GAT CGC AGT GCA CAC CAG 3 ; ET-R type B (296 bp) forward: 5 AAA CTG AGA ATC TGC TTG CTC C 3 , reverse: 5 AGA GTG AGC TTC AAA ATC CTG C 3 . The predicted size of each RT-PCR product is shown in parentheses.
Aliquots of cDNA (5 µl) were amplified with 0·5 U Taq polymerase (QIAGEN, Valencia, CA, USA) in a thermal Cycler (Biometra, Goettingen, Germany) in a final volume of 25 µl, as previously described (Gabler et al. 1997) . The following amplification programs were applied for ET-1 (40 cycles at 94 C and 60 C, 1 min each), as well as 29 cycles for ET-R type A and 31 cycles for ET-R type B (94 C and 60 C, 1 min each) respectively. An 18S rRNA-PCR (324 bp) was performed to control the integrity of the RNA, as well as the efficiency of the reverse transcription for each sample. The 18S primers and the appropriate competitors were used in a ratio of 2:3 (Ambion, Austin, TX, USA). Twenty-four amplification cycles were performed (94 C, 60 C and 72 C, 30 s each). As a negative control, water was used instead of RNA for the RT-PCR to exclude any contamination from buffers and tubes. Furthermore, an additional control was performed omitting the reverse transcriptase to exclude any amplification of genomic DNA.
Aliquots of 5 µl per reaction were run on 1·5% (w/v) agarose gels containing 1·0 µg/ml ethidium bromide. To confirm the identity of the PCR products, each PCR product was sequenced. The resultant band intensities were scanned by a video documentation system (Eagle Eye, Stratagene, La Jolla, CA, USA) and analyzed with the Gel-Pro Analyzer software (Media Cybernetics, Silver Spring, MD, USA).
Statistical analysis
The mean concentrations of each of the substances in the first 4 h of incubation (perfusion with Ringer's solution only) were used to calculate the individual baseline for each hormone, because of a large variation in the absolute amount of hormones released into each of the microdialysis capillary membranes implanted in the various oviducts. All values were expressed as a percentage of the corresponding baseline. The coefficient of variation in the absolute concentration of each hormone in the microdialysis perfusates collected from different oviducts during the first 4 h (baseline) was as follows: PGE 2 =84-304%, PGF 2 =77-269%, and ET-1=41-73%. This transformation enables an evaluation of relative changes of hormonal values between different oviducts. The effects of the infused substances on the release of PGE 2 , PGF 2 , and ET-1 were compared with control values obtained during the same time period using ANOVA followed by Duncan's new multiple range test. Differences were considered significant at a probability less than 5% (P<0·05).
Amplitude and frequency of oviduct contractions in the control and treatment groups were averaged over 10-min intervals and analyzed using the MacLab Chat data acquisition/analysis program (1997; MacLab, AD Instruments). The basal oviduct amplitude varied considerably among individual oviducts. Therefore, the baseline of oviduct amplitude (defined as 100%) was calculated by averaging the data for the first hour, and the amplitude of each 10-min interval was then expressed as a percentage of this individual baseline. As the basal amplitude was very stable, the effects of the added substances on the contraction were compared with control values obtained during the same time point using ANOVA followed by Duncan's new multiple range test.
Statistical analyses of ET-1, ET-R A and ET-R B mRNA were corrected with the signal intensities of the 18S rRNA. The expression of ET-1, ET-R A and ET-R B during different phases of the estrous cycle was analyzed using ANOVA. When ANOVA showed significant differences, the Tukey-Kramer test was used to test significance. Probabilities less than 0·05 (P<0·05) were considered significant.
Results
The basal release of substances in the microdialysis system, as well as the spontaneous amplitude and frequency of the oviduct contraction in the control group were constant and stable during the experimental periods. The basal release of all substances measured and the spontaneous amplitude and frequency of the oviduct contractions were higher (P<0·05) during the follicular and postovulatory phases than during the luteal phase (Table 1) . Moreover, the contraction pattern of the oviducts was more regular during the follicular and postovulatory phases than during the luteal phase.
Effect of substance infusion on PG and ET-1 secretion from microdialyzed oviduct from the follicular and postovulatory phases E 2 stimulated PGF 2 release (4-16 h; P<0·05 to P<0·01) and ET-1 release (8-12 h; P<0·01) in follicular phase oviducts, while P 4 only stimulated PGF 2 secretion (8-12 h; P<0·05; Table 2 ). ET-1 stimulated PGF 2 release (P<0·01) during infusion, although PG showed no effect on the ET-1 secretion. LH stimulated PG and ET-1 secretion (P<0·05 to P<0·01), and OT had no effect on PG or ET-1 release ( Table 2 ). The infusion of LH with different combinations of P 4 , E 2 and/or ET-1 resulted in an acute and continuous increase in the release of PG and ET-1 (P<0·05 to P<0·001). However, simultaneous administration of OT with different combinations of LH, P 4 , E 2 and ET-1 did not alter the basal PG or ET-1 release (Table 3) .
A 4-h infusion of E 2 induced an acute PGF 2 release (P<0·01), and E 2 stimulated ET-1 release 8-12 h (P<0·05) in postovulatory phase oviducts (Table 4 ). The ET-1 infusion stimulated PGF 2 release in the oviducts from the postovulatory phase (P<0·05 to P<0·01). LH stimulated PG secretion (P<0·05) and ET-1 secretion (P<0·01 to P<0·001), which was sustained throughout the experimental period (Table 4 ). The combined infusion of P 4 and E 2 significantly (P<0·05 to P<0·01) increased Table 6 Effects of the infusion of LH, ET-1, OT, LH+OT and LH+ET-1+OT in microdialyzed cow oviducts from the luteal phase of the estrous cycle (n=4-5, means S.E.M.; control=Ringer's solution only). The data are expressed as percentages of basal secretion (100%; 0-4 h) PGF 2 and ET-1 production (P<0·05 to 0·01; Table 5 ). Combined infusion of LH with P 4 , E 2 and/or ET-1 resulted in an increase in PG and ET-1 release (P<0·05 to P<0·001). However, simultaneous administration of OT with different combinations of LH, P 4 , E 2 and ET-1 abolished stimulation of PG and ET-1 release (Table 5) .
Incubation period (h)

Effect of substance infusion on PG and ET-1 secretion from microdialyzed oviduct from the luteal phase
The basal release of PG and ET-1 during the luteal phase was significantly lower (P<0·05) than that of the follicular and postovulatory phases (Table 1) . Although some substances stimulated the production of PGE 2 , PGF 2 and ET-1, the magnitude of this stimulation was significantly lower (P<0·05) than that observed during the follicular or postovulatory phases (Table 6 ).
Effect of substances on the oviduct contraction in vitro
Administration of LH, ET-1, PGE 2 , PGF 2 , LH+ET-1 and LH+ET-1+P 4 +E 2 significantly increased (P<0·05) the amplitude of oviduct contraction in both follicular and postovulatory phase oviducts. The stimulation of the amplitude of oviduct contraction by the combination of LH+ET-1+P 4 +E 2 during the postovulatory and follicular phases, as well as the stimulation by LH during the follicular phase persisted up to 4 h after the withdrawal of treatment. However, stimulation by other substances or combinations lasted for 1-2 h after the treatments. The combination of OT with other substances completely blocked contractile amplitude. None of these treatments altered the basal frequency of the oviduct contraction during any phase of the estrous cycle (Figs 2 and 3) . Moreover, in luteal phase oviducts, the above treatments did not affect the amplitude or frequency of contractions (Fig. 4) .
Expression of mRNA for ET-1 and ET-R types A and B
Specific transcripts for ET-1, ET-R A and ET-R B were detected in the bovine oviduct. Each PCR product showed 100% homology to the known bovine genes after sequencing. Quantity and quality of each RNA sample were verified after denaturing agarose gel electrophoresis, as well as comparative RT-PCR for the ribosomal 18S rRNA (Fig. 5) . The relative signal intensities for PCR products specific for ET-1, ET-R A and ET-R B were assessed after correction based on the 18S rRNA signal intensities. The same expression pattern for both endothelin receptors, as well as for the ligand endothelin was found during the estrous cycle: highest expression during the phase after ovulation, lower expression during the luteal phase and the lowest expression before ovulation (Fig. 6 ). This expression pattern was significant for ET and ET-R B as shown by ANOVA. The difference of the ET-R A expression during the postovulatory and follicular phases approached significance (P=0·0642).
Discussion
The results in this study indicate that LH enhances the in vitro secretion of PGE 2 , PGF 2 and ET-1, as well as the contractile amplitude of bovine oviducts from the follicular and postovulatory periods, but not those from the luteal period. Furthermore, ET-1 stimulated the release of PGE 2 and PGF 2 from the oviduct epithelial cells in the microdialysis experiment. Our recent observations of the cyclic changes in local content of PG and ET-1 in the bovine oviduct revealed that the oviduct contains the highest concentrations of PG and ET-1 during the periovulatory period . This was confirmed by the present results in which the secreted levels of PG and ET-1 were higher during the follicular and postovulatory periods than during the luteal phase in the microdialysis study. Furthermore, we found that ET-R A and B mRNAs were highly expressed after ovulation, suggesting that the functional ET system is primarily active after ovulation in vivo.
The demonstration of LH/human chorionic gonadotropin (hCG) receptors in the oviduct of woman (Lei et al. 1993 , Han et al. 1996 , sow (Derecka et al. 1995) and cow (Sun et al. 1997 ) suggested a direct involvement of LH/hCG in early pregnancy events (Lei et al. 1993 , Derecka et al. 1995 , Han et al. 1996 . It was reported that LH increased 5-lipoxygenase, cyclooxygenase (COX)-1 and COX-2 enzymes in the human oviduct (Lei et al. 1993 , Han et al. 1996 , and increased PG release in human umbilical cord (Rao et al. 1993) , cultured endothelial cells (Shemesh et al. 1997) , and human fetal membranes (Toth et al. 1996) . Moreover, LH activates protein kinase (PK) A and PKC in porcine myometrial smooth muscle cells (Kisielewska et al. 1996) and such an activation of PK results in increased ET-1 mRNA levels in cultured bovine endothelial cells (Emori et al. 1991) . The results of the present study clearly indicated that LH stimulates the secretion of PGE 2 , PGF 2 and ET-1 in the oviduct, and that LH also increases oviduct contraction. We postulate that the LH-induced oviduct contraction, at least in part, is due to the increased secretion of PGE 2 , PGF 2 and ET-1.
PGs are reported to modulate oviduct contraction, through effects of E-series PG on relaxation of smooth muscle and of F-series PG on contraction (Spilman & Harper 1975) . Human oviduct musculature responds to PGF 2 by increasing tonus (Atanackovic et al. 1983) , and PGF 2 is recognized as a prerequisite for maintenance of normal tubal contractions (Lindblom & Andersson 1985) . The PGF 2 receptors in the adult rat oviduct predominated during the periovulatory period (Orlicky & Williams-Skipp 1993) and the response of the oviduct to PGF 2 increased markedly following ovulation in marmoset monkeys (Barbosa et al. 1980) . Also, PGE 2 treatment hastened the oviduct transport of equine embryos (Weber et al. 1991) . The direct stimulation of the amplitude of oviduct contraction by PG during the follicular and postovulatory phases observed in this study may be due to the increased sensitivity as a result of an increase in the number of binding sites during this period.
ET-1-induced contractile responses and increased oscillation frequency in rat uterine smooth muscle appear to be mediated through ET-R type A (Tsunoda et al. 1993) . Rosselli et al. (1994) observed ET-1 production by bovine oviduct epithelial cells and hypothesized the possible involvement of ET-1 in the muscular oviduct wall contraction. Moreover, ET-1 acts in bovine oviduct arteries by directly activating a homogenous population of ET-R type A in smooth muscle (Labadia et al. 1997) . In the present study, oviduct expression of mRNA for ET-R, both A and B types, showed a similar pattern with the highest mRNA levels observed during the postovulatory phase. Smooth muscle cell is the predominant cell type in the oviduct isthmus and both ET receptors are believed to be primarily expressed in smooth muscle cells. Because the maximum stimulatory effect of ET-1 was observed during the postovulatory phase in the present study, it may be the result of elevated ET-R concentration in the oviduct smooth muscles during this period. It was reported that ovarian steroids play a role in the control of expression of ET-R in human endometrium (Collett et al. 1996) and that endogenous E 2 increases the affinity of high-affinity ET-R in coronary arterial smooth muscle of female pigs (Barber et al. 1996) . Moreover, we recently reported that the local distribution of E 2 in the cow oviduct is highest during the follicular phase . Therefore, the stimulatory effect of ET-1 on oviduct secretion and contraction during the follicular phase, even with the lowest ET-R levels in the oviduct, may be due to increases in the affinity of the ET-R by the elevated local levels of E 2 in the oviduct. Surprisingly, OT completely blocked increases in secretion of PG and ET-1 and increases in the contractile amplitude that were stimulated by different combinations of substances used in the present study. This is the first evidence that OT may act locally on oviduct function as a suppressor. In sheep OT is locally recirculated to the oviduct in a higher concentration than is supplied by peripheral blood (Schramm et al. 1986 ) and in women local oviductal tissue levels of OT exceeded its plasma concentrations (Lundin et al. 1989) . OT increased the contractile activities in the cow oviduct isthmus (Ruckebusch & Bayard 1975 , Bennett et al. 1988 , and oviduct musculature was most sensitive to physiological concentrations of OT at estrus in the ewe (Gilbert et al. 1992) . Furthermore, the ovine oviduct contains more OT receptors at the postovulatory phase than during the luteal phase (Ayad et al. 1991) . These observations suggest that OT may play a role in the regulation of oviductal functions (Schaeffer et al. 1984) , and stimulate oviduct motility involved with successful egg collection and/or sperm embryo transport, as postulated in the ewe (Wallace et al. 1991) . However, we recently reported that the local distribution of OT in the bovine oviduct was low, and did not vary with the stage of the estrous cycle . The novel inhibitory effect of OT on the contractile mechanisms in the oviduct observed in the present study strongly suggests a possible inhibitory action of luteal OT on the LH-induced oviductal contraction through the suppression of the LHstimulated PGE 2 , PGF 2 and ET-1 secretion during the postovulatory period. Although the possible mechanisms involved in this phenomenon are unclear, the inhibitory effect of OT may be due to interaction of LH and OT at the receptor, COX or PK level. Further study is needed to clarify these points.
In conclusion, the overall results suggest that the preovulatory LH surge, together with increasing E 2 secretion from the Graafian follicle and basal P 4 levels from the regressing CL, induce maximum stimulation of oviductal production of PG and ET-1, resulting in an active oviduct contraction. Moreover, ET-1 may be a local mediator of LH modulation of oviduct PG synthesis. OT released from the newly formed CL appears to block these mechanisms, thus inhibiting the contraction to secure slow transport of the embryo to the uterus.
Figure 6
The relative amount of mRNA (integrated absorbance; means S.E.M.) is depicted for each PCR result: (A) ET-1 PCR, (B) ET-R A PCR and (C) ET-R B PCR (n=4). Different letters above the bars denote significance at P<0·05.
